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Learning to read puts evolutionary established speech and visual object recognition
functions to novel use. As we previously showed, this leads to particular rearrangements
and differentiations in these functions, for instance the habitual preference for holistic
perceptual organization in visual object recognition and its suppression in perceiving
letters. We performed the experiment in which the differentiation between holistic
non-letter processing and analytic letter processing in literates was originally shown (van
Leeuwen and Lachmann, 2004) with illiterate adults. The original differentiation is absent
in illiterates; they uniformly showed analytic perception for both letters and non-letters.
The result implies that analytic visual perception is not a secondary development resulting
from learning to read but, rather, a primary mode of perceptual organization on a par with
holistic perception.
Keywords: letter recognition, object recognition, literacy, reading acquisition, dyslexia, flanker, illiterate
participants, grapheme-phoneme conversion
Reading is a secondary process; learning to read depends on
functional coordination of two established skills: visual object
perception and the ability to use spoken language. Whereas, the
former emerges at a much earlier stage than the second, both
are well entrenched in human evolution. In learning to read,
these skills are (1) recruited, (2) modified, (3) coordinated, and
finally the coordinated process is (4) automated, in order to
enable skillful, fluent reading (Lachmann, 2002). As a result, let-
ters are detected and processed automatically in a cross-modal
fashion (Blomert, 2011). To establish such a cross-modal repre-
sentation requires long training, possibly 3–4 years of practice.
Suboptimal automatization of this functional coordination may
lead to reading disability (Lachmann et al., 2009; Blomert, 2011).
When successful, as a result of reading practice a differ-
entiation in perceptual processing emerges (van Leeuwen and
Lachmann, 2004; Burgund et al., 2006, 2009; Pegado et al., 2011).
Whereas children whose reading skills are not yet fully auto-
mated process letters and similar geometric shapes in the same,
holistic fashion: surrounding irrelevant visual information is uni-
formly assimilated with target letters and shapes in the early
stages of visual feature binding, adult skilled readers, while still
processing the shapes holistically, treat letters analytically: sur-
rounding irrelevant visual context is ignored (Lachmann and van
Leeuwen, 2004, 2008a) or even actively suppressed (van Leeuwen
and Lachmann, 2004).
As readers acquire the differentiation in letter versus non-letter
processing, the question could be asked: what perceptual skills
do they lose (Serniclaes et al., 2005; Dehaene and Cohen, 2007;
Lachmann and van Leeuwen, 2007; Blomert, 2011)? There is evi-
dence that might be taken to suggest that normal reading involves
losing the ability to process letters holistically. With letters and
dot-patterns in a non-lexical same–different task, symmetry in
dot patterns benefitted both normal reading children and their
dyslexic peers, whereas symmetry in letters benefitted the dyslex-
ics but not the normal readers. As a result, normally reading chil-
dren were slower for letters in this task than dyslexics (Lachmann
and van Leeuwen, 2007). On the other hand, skills seemingly lost
while in transition to fluent reading might resurface later when
reading is fully integrated into our system. The contrasting strate-
gies of analytic processing for letters versus holistic processing for
shapes in a classification task gave way to uniformly holistic pro-
cessing, once the task required that (van Leeuwen and Lachmann,
2004). Thus, literate adults cannot be said to have lost the abil-
ity to process letters holistically (see also Schwarzer et al., 2010).
Rather, they seem to refrain from it habitually.
Perhaps we are not losing perceptual skills while learning to
read, but are acquiring habits that sometimes lead to subop-
timal performance on specific tasks (as in Lachmann and van
Leeuwen, 2007). We may consider whether the specific percep-
tual strategies we gain from learning to read are likewise habitual
preferences rather than newly acquired perceptual skills. Our pre-
vious research has remained inconclusive about whether prior
to achieving letter-specific analytic processing, children are inca-
pable of analytic processing, and hence this skill emerges from
learning to read or, alternatively, whether this skill is already
present, and is recruited for processing letters. On the one hand,
children early in this process show uniformly holistic processing
for letters and non-letters (Lachmann and van Leeuwen, 2008a).
But on the other hand, certain subgroups of dyslexics in this study
showed evidence of processing letters analytically, albeit with
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extreme effort. This might well be a particular consequence of the
training these children have been receiving in school. However,
from these results it cannot be determined whether children have
learned analytic visual processing from learning to read.
To properly investigate the question what is lost or gained
from learning to read (Dehaene and Cohen, 2007), we studied
a group of adults who never learned to read. We compared these
to a group of adult skilled readers, using the classification task in
which the differentiation in processing between letters and non-
letters was originally found (van Leeuwen and Lachmann, 2004).
In this task, target letters and non-letters were shown either iso-
lated or surrounded by a task-irrelevant shape (see Figure 1, for
an example). Non-letters were classified faster if the target and
its surrounding were form-congruent as compared to when they
differed in shape, i.e., when both were form-incongruent. This
is an example of the well-known congruence effect (Pomerantz
and Pristach, 1989; Bavelier et al., 2000); and can be related to
early and mid-level visual perception (van Leeuwen and Bakker,
1995; Boenke et al., 2009). The congruence effect indicates, in
an operationally specific sense, holistic perceptual grouping: the
surrounding visual information is bound to the target, and is pro-
cessed faster if both call for the same response. For letter targets,
however, the opposite result was found: letters were categorized
faster when surrounded by an incongruent non-target than when
the non-target was congruent, i.e., a negative congruence effect.
The observed dissociation was considered a product of a spe-
cific analytic strategy optimized during learning to read in order
to guarantee a rapid grapheme-phonememapping. Binding irrel-
evant visual information from the surroundingwould disturb this
fast mapping. The visual structure of the surrounding shape is
therefore suppressed (Lachmann, 2002). Doing so is more diffi-
cult for congruent than for incongruent items, resulting in nega-
tive congruence effects (Briand, 1994; van Leeuwen and Bakker,
1995; Bavelier et al., 2000). Thus, we may conclude that in the
early or intermediate stages of visual perception, skilled readers
process letters using a unique analytic encoding strategy whereas
for processing shapes a holistic processing strategy is applied.
For adults who have never learned to read and are unfamiliar
with the alphabet, we should not expect such dissociation. Since
they are not able to differentiate letters from non-letters, they will
process both letters and non-letter shapes with one and the same
strategy (e.g., Dehaene et al., 2010b). The question is: will that be
a holistic or an analytic strategy? If the former, we may conclude
that the analytic strategy is a secondary processing strategy; if it
is an analytic strategy we should conclude that both analytic and
holistic processing are intrinsic, primary strategies of the visual
system.
METHOD
PARTICIPANTS
Fifty-eight adults participated in this experiment. All of them
reported normal vision and hearing. The participants were
informed about the reason for this investigation, that par-
ticipation is voluntary and that they are free to withdraw
their participation at any time while keeping their reward.
The ethical committees of both the University of Allahabad
and the University of Kaiserslautern gave their approval to the
experiment.
FIGURE 1 | Example for a letter target (left column) and a similar shape target (right column) as presented isolated (first line), surrounded by a
form-congruent (second line) or a form-incongruent non-target in van Leeuwen and Lachmann (2004).
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The control group consisted of 26 Indian students (seven
females), aged between 22 and 29 years (M = 26 years,
SD = 1.97) from the University of Kaiserslautern, Germany. All
of them were able to read fluently and to write in English.
They gave their consent to the participation in written form and
received 5 Euros (equivalent of 6.5 USD) for performing in this
experiment.
The experimental group consisted of 32 Indian illiterates
(18 females), aged between 20 and 31 years (M = 28 years,
SD = 3.71), from a suburb of Jasra village (Gadaiya Kalan,
approximately 450 inhabitants, agriculture area), located about 35
km south of the city of Allahabad (Uttar Pradesh). These partici-
pants have been living in the village since they were born. Because
there was no public school close by when they were children,
none of them attended schooling. All participants are involved in
farming and sell their products to external dealers coming to the
village. There is no library in the village, nor is there any access to
newspapers. Participants of this group received 150Rs (equivalent
to about 3 USD) for completing the experiment. This amount is
about equivalent to an average daily wage and covers their loss
in income for the day, when participating in the experiment. All
these participants reported that they are not able to read neither
English nor Hindi, do not speak English, and are not familiar
with Latin alphabets. These participants gave their consent to the
participation in spoken form.
Prior to the experiment illiterate participants’ familiarity with
the alphabet was determined by using a simple paper and pencil
letter identification task, which included 72 letters and non-letter
items, aligned in six rows. Each row contained four letters and
eight non-letters, so in total 24 different letters and 48 different
non-letters were displayed. Non-letters were constructed in a way
that they consisted of the same segments as, but do not look too
similar to Latin nor to Hindi letters (see Figure 2). Note, that non-
letters used in this pre-task were not the geometrical shapes used
in the experiment. Participants were instructed tomark those four
items in each row of which they think they were letters. They were
informed that payment does not depend on this performance. In
case they were unable to decide (typical statement: “this all looks
English to me”), they were instructed to guess.
The mean number of correct responses in the questionnaire
was 10.35 (SD = 4.4). Guessing rate was calculated on the basis
of the hyper-geometric distribution [X ∼ Hyp(n, H, F)]; with n
is the number of guesses, H is the number of possible hits, and
F the number of possible false alarms. Accordingly, the expected
value of the guess rate is E(X) = n × [H/(H + F)] = 1.33 correct
responses per row. For six rows the total E(X) is 6 × E(X) = 8.
Taking E(X) ± 1 SD(X) as criterion, with SD(X) = 4.82, we
accepted all participants of this group who identified between
0.77 and 15.23 letters correctly. Alternatively, guessing rate may
be calculated on the basis of Tschebyscheff-inequality and the
Gaussian, with the criterion p < 0.5%, which would have resulted
in a range of 0–17.44 hits. However, we adopted the first crite-
rion as being more conservative. On this basis, one participant,
who had identified zero letters correctly, was excluded from fur-
ther analyses. Another participant did not finish the test and left
the setting. The rest of the participants constitute the sample
described above.
MATERIAL
As in van Leeuwen and Lachmann (2004, Experiment 4), there
were 24 unique stimuli. They consisted of targets: the four capital
letters A, H, L, C; and the four geometrical shapes square, trian-
gle, rectangle, circle, each of which was shown either in isolation
or surrounded by a congruent or incongruent non-target geomet-
rical shape which were slightly enlarged versions of the triangle,
square, rectangle, and circle targets. For instance, A in isolation,
A surrounded by a triangle (congruent condition), A surrounded
by a rectangle (incongruent condition).
The stimuli were scaled to an imaginary 50 × 50mm matrix,
and the surrounding shapes to an imaginary 80 × 80mmmatrix.
Stimuli were presented in black (0.29 cd/m2) on a Laptop screen
set to white (27.3 cd/m2) at about 50 cm distance, resulting in a
visual angle of 3◦ without, and 4.5◦ with surrounding.
PROCEDURE
Literate participants performed in a laboratory room at the uni-
versity. For the illiterate participants we rented a room in a private
house in the village. The room was prepared in such a way that
conditions were as similar to the laboratory as circumstances
allowed. Electricity was guaranteed by using a mobile gener-
ator. The same portable computer was used for both groups.
Participants of both groups were seated comfortably in the dimly
lit environment. There was no head fixation.
The illiterate participants reported to have never used a com-
puter before. Therefore, before instruction, they were familiarized
with the computer and with the choice reaction task. They were
presented with a set of short practice sessions, in which green
and red dots were presented at the screen. In the first session
participants were instructed to press a response key whenever a
dot appears at the screen (simple reaction). In the second session
a key press was required only if a red dot appeared (go/no-go-
task) and, finally, in the third session the choice reaction task
was trained: for red dots one key was to be pressed and one for
green dots another. Prior to the experiment, literate and illiterate
participants performed 12 warm up trials with the same task as
used in the experiment. During practice and warming up sessions,
feedback was given by presenting a yellow smiley after correct
responses and a black cross after wrong responses.
Six different subsets of stimuli were presented to participants
in a counterbalanced fashion (as in the original experiment,
FIGURE 2 | The fourth out of six rows used in the paper and pencil letter identification test.
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see Figure 2). For each individual, the stimuli were restricted
to two letters and two shapes. Letters and shapes were pair-
wise similar, e.g., an A and a triangle. They were assigned in a
counterbalanced manner to two different response categories: for
instance, Category 1 was an “A or a Rectangle” versus Category 2
was a “L or a Triangle” (Selection 1 in Figure 2). Only one stim-
ulus was shown at a time, either with or without surrounding.
The task was to decide, as fast as and accurate as possible, whether
the shown target belongs to Response category 1 or 2, ignoring the
surrounding if it appears. No feedback was given. Note that letters
and shapes that are similar to each other in shape, such as the A
and the triangle, were always assigned to different response cate-
gories (see example in Figure 3, Selection 1–3). Thus, in order to
solve the task, phonological coding of the letters would be useful
to distinguish between response categories, but is not necessary.
In skilled readers this design was found to implicitly trigger a dis-
tinction between letters and shapes (van Leeuwen and Lachmann,
2004).
A speeded choice reaction task was required according to the
response categories displayed in Figure 3, by pressing either the
left or the right button marked on the keyboard of a portable
computer. The four stimuli were shown to the participant prior to
the experiment along with the assignment of stimuli to response
buttons, e.g., if A or square press left button and if L or tri-
angle, push right button. It was emphasized that the surround-
ing, if it occurs, is not relevant for the task and should be
ignored.
Altogether each individual performed on 720 trials:
4 targets × 3 conditions (isolated, congruent surrounding,
incongruent surrounding), with 60 repeated measures. Trials
were randomized, having 12 breaks in between. For illiterates
the experiment took about one hour including the letter test,
instruction and practice; for controls it took about half an hour.
RESULTS
Reaction times (RT) for correct responses and error rates were
analyzed after rejecting outliers, which were 0.5% for the criterion
RT < 145ms, and 0.3% for the individual criterion RT > μn +
6σn. (μn = individual mean RT; σn = individual mean SD).
For illiterates mean error rate was 3.3% and ranged from 0.4
to 15%, three participants showed an error rate higher than 10%.
Mean RT was 980ms (SD = 455ms).
FIGURE 3 | Six selections of stimuli used in the experiment for individual participants. Further explanations in the text.
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For literates, mean error rate was 3.1%, significantly below the
7.3% in the original study with German adults, F(1, 49) = 10.1,
p < 0.01, and ranged from 0.1 to 10%. The error rate did not dif-
fer from that of illiterate participants of the present study. Mean
RT was 454ms (SD = 186), which did not differ from German
adults in the original study (477ms, SD = 126) but is significantly
lower, F(1, 56) = 111.2, p < 0.001, than that in illiterates, whose
RTs aremore than double. Only two literate participants had aver-
age RTs over 600ms and only one had a higher mean RT than the
fastest participant of the illiterate group.
Because there was no speed-accuracy trade-off in evidence,
i.e., individual mean error rates and individual mean RTs were
not correlated (r < 0.01), we will report Analyses of Variance
(ANOVA) for RT only, using GreenHouse–Geisser correction for
p-levels; uncorrected degrees of freedom will be reported. Since
mean RTs of illiterates were nearly entirely outside the range of
those of normal adult readers (Lachmann and van Leeuwen, 2004,
2008b; van Leeuwen and Lachmann, 2004; Jincho et al., 2008),
ANOVAs were run for each group separately.
For the illiterates group, a two-factors repeated measures
ANOVA with Congruence (isolated, congruent surrounding,
incongruent surrounding) and Material (letter vs. shape) as
within-participant factors revealed a main effect for Congruence,
F(2, 62) = 5.86, p < 0.01, but not for Material (F < 1). No
interaction was in evidence (F < 1). Congruent items (995ms,
SD = 475) were slower than isolated ones (967ms, SD = 458),
F(1, 31) = 5.67, p < 0.05, and slower than incongruent ones
(976ms, SD = 429), F(1, 31) = 4.8, p < 0.05. Isolated and incon-
gruent items did not differ (F < 1).
The same ANOVA was run with the data from literate partici-
pants. Main effect were found for Congruence, F(2, 50) = 11.23,
p < 0.01, and Material, F(1, 25) = 32.66, p < 0.01. Isolated
items (443ms, SD = 186) were faster than congruent (458ms,
SD = 183) and incongruent items (461ms, SD = 187), which
did not differ. For Materials, letters (433ms, SD = 177)
were responded to faster than shapes (476ms, SD = 191).
An interaction was found between Material and Congruence,
F(2, 50) = 4.89, p < 0.01, due to a negative congruence effect for
letters and a positive congruence effect for shapes: Participants
were faster with isolated letters (421ms, SD = 178) than with
incongruent letters, F(1, 25) = 7.99, p < 0.01; Incongruent let-
ters, in turn, were responded to faster than congruent ones
(444ms, SD = 175), F(1, 25) = 10.79, p < 0.01. Also for shapes,
a Congruence effect was observed, F(2, 50) = 5.69, p < 0.01.
Participants responded faster to isolated (467ms, SD = 191)
than to incongruent shapes (487ms, SD = 195), F(2, 50) = 8.32,
p < .001 but not significantly faster than to congruent ones.
Congruent shape (473ms, SD = 186) were responded to faster
than incongruent ones, F(2, 50) = 6.04, p < 0.05. Results for both
groups are displayed in Figure 4.
DISCUSSION
Amongst visual configurations, letters are special; practice and
familiarity make that letters are processed much more effi-
ciently than non-letter configurations of similar complexity (van
Leeuwen and Lachmann, 2004; Burgund et al., 2006; Lachmann
and van Leeuwen, 2007). In addition, letters have a specific func-
tional relationship to phonemic representations, a relationship
FIGURE 4 | Average reaction times (RTs) with error bars (5% confidence interval) for the experimental conditions for illiterate participants (left) and
for literate control participants (∗ = significance at 5% level; ∗∗ = significance at 1% level; ns = no significant difference).
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which is developed and automated while children learn to read
(Frith, 1985). Recent studies have shown that this development
leads to enhanced differentiation and responsiveness of the visual
cortices to both orthographic and non-orthographic materials
(Dehaene and Cohen, 2007; Dehaene et al., 2010a,b; Cantlon
et al., 2011; Pegado et al., 2011). The differentiation gives a
new role to established perceptual skills (Dehaene and Cohen,
2007; Lachmann and van Leeuwen, 2007; Blomert, 2011; Perea
et al., 2011) which, after modification, need to be coordinated
in order to guarantee fast and accurate reading (Lachmann,
2002). To automate this functional coordination, which in the
end changes processing of both linguistic and non-linguistic
stimuli (Lachmann and van Leeuwen, 2007; Dehaene et al.,
2010b; Kolinsky et al., 2011), takes years of reading experi-
ence. We addressed the question: what has changed to our
visual object perception, once this automatization process is
completed?
We performed an experiment with illiterate adults, using the
method by which in literates a differentiation between holistic
non-letter processing and analytic letter processing was originally
shown (van Leeuwen and Lachmann, 2004). This differentiation
involves the way the letters are perceived in their immediate sur-
roundings, not necessarily for how strongly their features are
bound together at the within-object level (Lachmann and van
Leeuwen, 2008b). The latter may depend on the Goodness of the
object (Wagemans, 1993, 1999; van der Helm and Leeuwenberg,
1996), e.g., the symmetry of the letter “A.” On the other hand,
observers tend to ignore symmetry in letters (Lachmann and van
Leeuwen, 2007), suggesting that letters are also processed less
holistically at this level. Neither does the differentiation in holis-
tic processing at any of these levels have implications for the
next higher level, which for letters would be that of morphemes
or words. Our claim that letters are processed less holistically
than non-letters, therefore, is not in conflict with the well-known
word-superiority effect (Reicher, 1969). This effect applies at the
level of groupings between letters. It could be argued that, in
fact, recognition at this level might benefit from non-holistic pro-
cessing at our current level (Freeman et al., 2003); word-level
processes, for instance, will have difficulty matching individ-
ual letters of which the features have mistakenly been bound,
based on pre-semantic information, to their surroundings. In
sum, therefore, our claim of a distinction in holistic processing
between letters and non-letters belongs exclusively to the level
of visual integration between these objects and their immediate
surroundings.
Even though both groups in the present experiment were of
the same ethnicity they are likely to differ in more than their abil-
ity to read; such as in general intelligence (e.g., Neubauer and
Fink, 2011), education and schooling (e.g., Tun and Lachman,
2008; Ventura et al., 2008), language skills (e.g., bilingualism;
Martin-Rhee and Bialystok, 2008) and their familiarity with com-
puters, which all may have influenced their performance. In
particular, the latter factor may be responsible for the consid-
erably higher reaction times over-all in illiterates compared to
literates. Such differences are probably inevitable in these kinds of
studies. However, the effects observed in our earlier studies in lit-
erates of different ethnicity and background contrast in the same,
consistent manner with those in our illiterates. This may suggest
that congruence effects are affected by literacy.
Illiterates not only were equally fast over all in processing let-
ters and shapes, they also showed equally for both faster responses
to targets presented in isolation versus in surrounding, as well
as same congruence effects of the surroundings across letters
and non-letters. For both letters and non-letters, incongruent
surroundings led to faster responses than congruent ones.
In contrast, literates of the same ethnicity differentiated
between letters and non-letters, just as groups of skilled read-
ers of other ethnicities did (Lachmann and van Leeuwen, 2004;
Jincho et al., 2008). They also showed a letter superiority effect
that, not surprisingly, is absent in illiterates: letters are processed
faster than non-letters and produce opposite congruence effects:
positive congruence effects for non-letters, negative congruence
effects for letters.
The negative congruence effect in illiterates, i.e., their pref-
erence for incongruent surroundings, implies that an analytic
perceptual strategy prevailed. Developmental studies might have
led us to expect that before reading is automated, at least in
an age up from six years on, a holistic strategy to predominate
(Schwarzer, 2002). Lachmann and van Leeuwen (2008a) com-
pared adults with different groups of children: beginning normal
readers from Grade 3 and 4, and age matched developmental
dyslexics. Most of these children showed positive congruence
effects for both letters and non-letters, indicating holistic prefer-
ence. One reason could be that certain brain functions related to
reading, especially auditory processing (Banai and Ahissar, 2006)
are still developing at this age (Courchesne, 1978; Cheour et al.,
2000; Shafer et al., 2000; Ceponiene et al., 2001; Parviainen et al.,
2006, 2011; Bruder et al., 2010; Wetzel et al., 2011). This may keep
them from using an analytic letter processing strategy that would
enable rapid grapheme to phoneme encoding.
A subgroup of dyslexic children in Lachmann and van
Leeuwen (2008a; see also Lachmann et al., 2010), with particu-
lar difficulties in reading non-words, however, show particularly
strong negative congruence effects for letters. This suggests that at
this stage in development the analytic strategy is at least present,
even though, for object recognition and face recognition, the
holistic strategy became already dominant (Schwarzer, 2002).
The results in dyslexics, therefore, are not inconsistent with
those of illiterates: the negative congruence effects in illiterates
means that analytic processing is not a reading-specific, secondary
differentiation in perceptual organization that accompanies the
process of learning to read. Rather, it is a generic and primary
perceptual processing strategy, on a par with the holistic strat-
egy (Schwarzer et al., 2010). Skilled reading recruits this general
perceptual strategy for letter recognition, and uses it in a coordi-
nated fashion along with other functions, including phonological,
cognitive, motor, and attentional ones, in meeting the specific
demands of reading. What is specific to skilled reading is not the
automatization of a letter-specific perceptual strategy (Grainger
et al., 2010; Pegado et al., 2011), but the (automated) coordina-
tion of various functional components specific to reading.
In this process, letter processing becomes habitually tied up
with the analytic perceptual processing strategy. As a result,
adult readers tend to no longer process simple non-letter objects
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analytically. This result is in accordance with the pervasiveness
of congruency effects in visual object perception (Eriksen and
Schultz, 1979; Pomerantz et al., 1989; Boenke et al., 2009). In
incongruent conditions, observers fail to ignore irrelevant infor-
mation, even if this would facilitate processing. This effect is
usually considered a result of attentional interference of the irrele-
vant flanking or surrounding information; this remains a puzzle if
we consider that, in principle, focused attention could have been
applied to the target (Miles and Proctor, 2010). The present study
suggests that this is because analytic processing has become asso-
ciated with reading. Despite this, having learned to read does not
render impossible the analytic processing of non-letter shapes.
Evidence of analytic processing is not restricted to letters; neg-
ative congruence effects, although sparse, are found whenever
active suppression of surrounding information is needed to dis-
tinguish a target (Briand, 1994; van Leeuwen and Bakker, 1995;
Bavelier et al., 2000). Conversely, there is also evidence of holistic
processing of letters if the task requires this (van Leeuwen and
Lachmann, 2004). This implies that the association of analytic
processing and letters is highly context-specific. The data suggest
a gradual tendency for a specific, learned processing strategy to
predominate for letters.
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